T
HE literature on cordotomy is immense. We do not intend to review it all here, and shall make but a few references to publications prior to the 100-0dd pages devoted to the literature by White and Sweet. 76 However, almost 1000 cervical cordotomies for the relief of pain have been performed by one of us (S.L.) using the percutaneous method. 43 Complete clinical and histological data were available for 30 of these, and clinical and clinical-physiological data for many more. 34 It therefore seemed opportune to report this material and its significance, taking into account not only new experimental findings in primates other than man but also deductions that can be made from the great quantity of negative findings, largely unreported due to the understandable clinical bias toward publishing only "successes." In addition to describing the precise localization of the central pathway subserving pain sensation in the C-2 segment of the spinal cord, we comment particularly on the relationship between the sensations of pinprick (distinction between sharp and blunt) and tissue-damaged pain (caused by physical disruption of tissues). We also address the phenomenon known as "return of pain," with the necessary revisions to our opinions since our first publications on the central pain pathway in man ~~ and to the technique of percutaneous electrolytic cordotomy. 44 Some of the cases reported here have been considered earlier in other contexts, 39 including evoked potentials, 13-17 sensory change, 11,3536,38 mirror-image pain, 5 complications, 39 and sleep apnea. 37 Although we review" some earlier results here, the present work is principally concerned with previously unpublished findings on the anatomy of the ascending fibers subserving pain sensation in the anterolateral funiculus of the human spinal white matter. J.L.) in 146 patients, the majority being treated between 1977 and 1983, for intractable pain. There were 83 men and 63 women, with a mean age of 58.7 -+ 11.1 years (range 19 to 79 years). Pain was confined to one side of the body in 114 cases. The mean duration of pain prior to cordotomy was 10.7 -+ 11.0 months. Of the 146 patients, 140 had malignant disease (Table 1) ; in 95 of these, 63 had undergone previous surgical treatment, 51 radiotherapy, 13 chemotherapy, and eight hormone treatment for their neoplasm. All patients were receiving analgesic medication (narcotic agents in 96%) prior to cordotomy. In 18 patients, bilateral cordotomies were carried out separated by an interval of at least i week. In 19 others, repeat cordotomy on the game side was performed, usually shortly after a technically or clinically "failed" operation; however, cordotomy was (satisfactorily) repeated when pain reappeared after an interval of 9 months in one patient (Case 16) and after 6 months (Case 6) in another. Cerebrospinal fluid was encountered at a mean depth of 5.7 + 0.3 cm from the skin in men and 5.2 _+ 0.2 cm in women.. The cord was stimulated prior to lesion placement. When the stimulation measured 100 Hz, all patients experienced con- tralateral paresthesias, often with a thermal element; some reported "a feeling like a cold wind." A small number of patients experienced bilateral paresthesias, but the contralateral sensations were always predominant.
The patients were separated into three groups: Group 1 consisted of 100 patients studied retrospectively by clinical methods for pain relief, pinprick sensation, and other somatosensory functions; Group 2 included 30 patients whose spinal cords were examined histologically after death and whose clinical course had been carefully followed; and Group 3 comprised 16 patients whose clinical state and somatosensory perception thresholds were quantitatively studied before and after cordotomy. Results of physiological testing for Group 3 have already been published, 36 but clinical and other details are included here for completeness.
Effect of Cordotomy on Pain
The effect of cordotomy on the chronic pathological pain experienced on the opposite side of the body was studied in all 146 patients. Relief of pathological pain was classified as follows: Grade 0 = no or minimal pain relief, with no reduction in analgesic medication; Grade 1 = partial but significant relief of pain, with reduction in analgesic medication or change to a less powerful drug; and Grade 2 = complete relief of pain, with no further need for narcotic agents and (in some cases) only occasional small doses of non-narcotic analgesic medication.
Spinal Cord Study
The spinal cords of 30 patients (Group 2) for whom autopsy was available were removed and placed in 10% formalin within 36 hours of death. Blocks were cut from the cervical cord (C1-2) and embedded in paraffin. Sections were cut into 3-or 4-t~m slices for staining by hematoxylin and eosin or cresyl violet (Nissl), and into 15-~m slices for staining by the Heidenhahn method for myelin or by the Luxol fast blue method. Photographs were taken of those sections containing the most extensive lesions. The extent of a lesion was determined by planimetry using a millimeter grid, whereby the percentage of damaged tissue as a proportion of the whole cord could be calculated.
In order to compare the spinal cord and lesions of different individuals, the lesion measurements recorded by planimetry were transferred to a diagram of the C-2 segment from the atlas of Riley 63 overlaid with a millimeter grid in which reference points were standardized (Fig. 1) . The grid pattern so produced enabled us to trace all lesions and other features in each cord onto an identical, and therefore comparable, diagram and to measure the extent of cord destroyed by the radiofrequency lesion (Fig. 2 ).
These 30 patients had undergone 43 cordotomies: in five cases the lesion was repeated on the same side as the first operation, while eight patients had undergone bilateral operations, separated by a time interval. The material examined was divided into five groups according to the interval between cordotomy and death ( Table 2 ).
Results

Mortality
In the 100 patients in Group 1, the mortality rate was 6%, with death due in all cases to irreversible postoperative respiratory dysfunction. Three patients died within 48 hours and three between the 3rd and 7th day postoperatively. Five of these six patients had lung cancer and died after unilateral cordotomy; the sixth, a woman with carcinoma of the breast, died after the second operation of a two-stage bilateral procedure.
Complications
Hornet's syndrome was seen in virtually all surviving patients. Weakness of the ipsilateral leg was experienced by 69% of patients, and 18% also exhibited some weakness of the upper limb; three patients had weakness of the upper limb alone. However, at 1 month after operation, such weakness remained a problem in only four patients. Three patients exhibited an extensor plantar response. Six patients had suffered a motor deficit prior to cordotomy, and in all six this became worse in the postoperative period.
Urinary retention requiring catheterization occurred in 20% of patients; 18 of these had had preoperative disease affecting the pelvis or nerve control of micturition. In most cases, bladder function was restored within a few days; only three patients required permanent catheterization, two of whom had undergone bilateral cordotomy.
Most patients noted disagreeable abnormal sensations on cutaneous stimulation within the analgesic area. Six patients experienced hyperpathia and dysesthesia and two, with long survival periods (> 9 months), had intensely painful dysesthesia.
Following cordotomy, 17 patients reported pain for the first time on the previously painless side, sometimes immediately after the operation. Eight patients experienced an intensification of previously existing pain on the side ipsilateral to the cordotomy.
Pinprick Sensation Deficit
After the 120 operations performed on the 100 patients in Group 1, pinprick sensation deficit involved one-half of the body in 42 cases (35%), the lower quadrant in 56 (47%), the upper quadrant in 15 (13%), and a portion of one limb in seven (6%). The most frequent upper level of pinprick sensation deficit in cases where one-half of the body was affected was the C-5 dermatome (20 cases, 48%), followed by C-6 (11 cases, 26%). Pinprick sensation deficit involving higher levels in these patients was relatively rare: C-3 in seven cases (17%) and C-4 in four cases (9.5%). In 14 of the 15 cases of pinprick sensation deficit involving the upper limb only, C-5 was the most common upper limit (six cases, 46%), followed by four each at C-3 (27%) and C-4 (27%).
Four patients with partial pain relief (Grade 1) showed no pinprick sensation deficit. In 22 patients with no pain relief (Grade 0), pinprick sensation deficit involved one-half of the body in one, the upper quadrant in three, the lower quadrant in 15, and less than one entire limb in three. In all of these cases, the deficit involved those body segments in which the pathological pain was felt. In 18 of 21 patients who experienced complete pain relief (Grade 2), pinprick sensation was lost in the corresponding segments. No pinprick sensation deficit was found in two of these cases, nor in a further two belonging to Groups 2 (Case 15) and 3 (Case 8) despite Grade 1 relief of pathological pain.
In seven (Cases 9, 14-16, and 18-20) of 21 patients with unilateral cordotomy in whom histological findings were available, the lesion had spread to the contralateral anterolateral funiculus (Fig. 2 ), perhaps as a result of ischemia following thermocoagulation. In none of these cases was there overt pinprick sensation or other sensory deficit attributable to such crossed lesions. 
(continued ~ ) Pain Relief
Of 146 patients, 96 (66%) obtained complete pain relief (Grade 2), 33 (23%) partial relief (Grade 1), and 16 (11%) no relief (Grade 0). When a comparison was made between the 140 patients subjected to cordotomy for malignant disease and the six for chronic benign pain, a significant difference became evident: 69% of the malignant disease patients but only one (17%) of the benign disease patients obtained full pain relief. Although 21% of the malignant disease patients and 33% of the benign disease patients obtained partial relief, only 10% of the malignant disease patients obtained no relief at all, while 50% of the benign disease patients failed to obtain any relief.
Recurrence of Pain
Contralateral pain occurred in 25% of the patients. Unfortunately, there is no record for the majority of these as to whether this pain was of the "mirror-image" type 5,48 or due to contralateral spread of the pain-producing lesion (usually malignancy). In other cases the original pain recurred due to "breakthrough" and/or reduction in the cordotomy lesion by, for example, resolution of cord edema. In the 30 cases in Group 2, reduction of pain relief from Grade 2 to Grade 1 or 0 or from Grade 1 to Grade 0 occurred in 11 patients (Table 3) . Overall, long-term recurrence of dysesthetic pain was seen in 6% of the 100 patients in Group 1.
Relationship of Cord Lesion to Pain Relief
Of the 30 cases in Group 2, tracings of the cord lesion in 29 coronally sectioned autopsy specimens were correlated with the clinically confirmed sensory deficit (Fig. 2) ; material from Case 22 was sectioned parasagittally to show the rostrocaudal extent of the lesion. There were histological differences that varied with survival time (Table 2) as follows. In material from patients surviving 1 to 3 days after cordotomy, no changes other than the destruction produced by the radiofrequency thermecoagulation were seen; the point of entry of the electrode into the cord could be identified by localized hemorrhage. In material from patients surviving 4 to 8 days, the appearance of the cord was very similar to that seen in patients surviving 1 to 3 days; however, within the zone of destruction, phagocytic macrophages were beginning to appear, particularly at the edges of the lesion. In autopsy specimens from patients in the 9-to 30-day survival group, the zone of destruction had a spongy appearance due to vacuolation, some of which coalesced to form larger holes; increased cellularity of the necrotic zone was observed, with large gitter cells occupying many of the vacuoles. In material from patients surviving 31 to 100 days, larger numbers of gitter cells were seen, predominantly distributed around capillaries in the necrotic zone. In specimens from patients surviving 121 to 505 days after cordotomy, astrocytic gliosis was observed in the area of the lesion, together with the presence of corpora amylacea.
The following could be deduced from these findings. 1) The fibers responsible for pain sensation at C-2 lie between the line of the denticulate ligament dorsally and a line drawn perpendicularly from the medial angle of the ventral horn. 2) In 11 patients (Cases 3, 4, 6, 13, 14, 18, 20, 23 (left), 24 (right), 28 (left), and 30 (right)), the lesion extended into the anterior column, while in 11 other cases (Cases 1, 8, 11, 15, 17, 21, 25 (left), 26 (right and left), 27 (right), and 30 (left)), the lesion was confined to the anterolateral funiculus. In nine of these patients (Cases 4, 6, 11, 14, 18, 20, 21, 23 (left) , and 24 (right)), the lesion in the C-2 segment produced upper sensory levels at C3-4. Case 13 showed complete destruction of the anterolateral funiculus, with encroachment into the anterior funiculus; however, the upper limit of pinprick analgesia was C-5. The lesion in Case 15, with no pinprick sensation deficit but partial pain relief (Grade l), was mainly in the anterior funiculus with some encroachment into the lateral part of the anterolateral funiculus. 3) Twenty-two cordotomies in 21 patients resulted in total pain relief, and 14 cordotomies in nine patients produced partial or no relief. In the 21 patients with total relief, a mean of 20.1% _+ 8.3% of the cord was destroyed, while in the nine with partial pain relief, a mean of only 12.5% _+ 13.2% was destroyed (p =
One patient (Case 1) with pain in the upper limb achieved complete pain relief for 25 days with a lesion that appeared to spare the medial part of the anterolateral quadrant, and another patient (Case 19), who survived for 4 days, had no pain relief in the lower back and legs from a lesion that destroyed the ventral half of the spinal cord.
Quantitative Sensory Deficit
Quantitative sensory function evaluation for the 16 patients in Group 3 has been described previously. 36 However, that evaluation did not take into account the correlation with clinical levels of pinprick sensation deficit. Table 4 shows the quantitative changes in sensory perception thresholds for modalities that were altered in the limbs affected by pinprick sensation deficit subsequent to cordotomy. These thresholds are compared with those in the mirror-image area on the unaffected side; differences between the measurements for the unaffected side before and after cordotomy are taken as the "normal" variation, and are allowed for when calculating significance of change. In the 16 cases, there was a correlation between pinprick sensation deficit and evoked deep pain in both hands and feet, except in one instance where, after cordotomy, the affected hand showed a pinprick sensation deficit but no diminution of deep pain sensation was noted.
Discussion
Morbidity and Mortality
The virtually universal occurrence of Homer's syndrome is in agreement with the observations of Gybels and Sweet z5 on high cervical cordotomy. Motor weakness in the ipsilateral leg and more rarely the arm has been dealt with by many authors (see White and Sweet74). It is usually described as being of the upper motor neuron type and may therefore be attributed to damage (usually reversible and therefore presumably due to edema) of the corticospinal tract 5~ in the lateral white-matter funiculus of the spinal cord; 54 in 11 of 15 patients in our anatomically studied series with weakness of one or both limbs, the lesion extended dorsal to the level of the denticulate ligament. However, in view of the small proportion of patients with lowerlimb weakness accompanied by Babinski's sign, purists may speculate as to whether the weakness is necessarily due to a corticospinal tract lesion. Rubrospinal fibers, although intermingled with corticospinal axons in the lateral white-matter funiculus, extend further ventrally than the latter, and are therefore likely to be more extensively damaged (in quantitative terms) by a lesion rising just dorsal to the level of the denticulate ligament.
Bladder dysfunction in cordotomy patients has been reviewed by Sweet and Poletti. 69 It is probably due to reversible or permanent damage to the deep part of the lateral white-matter funiculus through which fibers controlling bladder function had been shown to run; 49' 5~ again, the present series shows lesions extending medially to the juxtagriseal white matter, or even into the gray matter, in four of six cases exhibiting postoperative urinary retention.
We have dealt with respiratory dysfunction syndrome in cervical cordotomy patients in a recent publication. 3v However, it should be pointed out that only about 12% of small fibers and 36% of large fibers ascending in the spinal anterolateral funiculus are still present in the upper midbrain; 6 most others have terminated at lower levels and are spinoreticularY ,1~ Among other functions, these latter fibers are responsible for arousal. It would seem reasonable to attribute respiratory dysfunction to failure of arousal of bulbar respiratory centers (which are mostly within the reticular formation) during quiescence (sleep), rather than to interruption of any descending motor control pathway.
Pinprick Sensation Deficit
The present series includes four cases in which partial pain relief was obtained in the absence of pinprick sensation deficit. Other such cases have been reported in the literature zz27 ' 58' 6~ for both open and percutaneous cordotomy. Most authors would agree with us that pain relief in cases without cutaneous pinprick loss is, however, less complete than in cases accompanied by a pinprick sensation deficit; in the present series, 18 of 21 cases with complete eradication of pathological pain exhibited loss of pinprick sensation in the corresponding segments.
More striking is the well-documented occurrence of total pain relief in the complete absence of any deficit in pinprick sensation following midline myelotomy. 4~,67 This has been discussed at some length by Cook, et al., z~ who reported five patients in their series of 25 undergoing myelotomy in whom "repeated hard pinprick usually causes pain and some thermal sensation is usually felt," but with loss of pathological pain. They quote Sourek, ''7 who stated that "the original spontaneous pain disappeared even from those dermatomes in which normal sensation of pinprick was preserved;" and Putnam, ~' 1 who wrote "the perception of pinprick returned a week or two after the operation, but the spontaneous pain did not reappear." Cook and Kawakani I' reported perineal pain relief in two patients in whom the procedure did not cause loss of pinprick sensation or thermoanesthesia in the affected segments of the body. In our Case 15, right cervical cordotomy produced perineal (Grade 1) pain relief without pinprick sensation deficit for a 10-day period, then pain recurred. Only anterior, not (dorso)lateral, pathways were lesioned. Gybels and Sweet 25 reported that following commissural myelotomy, the opposite may occur only rarely: loss of pinprick sensation without loss of pathological pain. This phenomenon is not, however, unique to the spinal cord. Injuries to the postcentral gyrus abolish all somatic sensations including pinprick sensation on the affected part of the body surface, but not tissue-damage pain? The corollary of this is obvious: the spinal and supraspinal pathways and relays subserving tissuedamage pain and pinprick sensation are different and independent, although intimately mixed in the anterolateral quadrant of the spinal cord. The situation has not been helped by the insistence of the medical profession on testing cutaneous pinprick sensation with the appropriate tool and calling it "pain." Hitchcock e6 pointed out that, following stereotactic C-1 central myelotomy, patients are frequently able to distinguish between sharp and blunt sensation, but regard the procedure as painless; this is how we have defined pinprick sensation (acuesthesia).
It is well known that the vast majority of lesions of the postcentral gyrus do not abolish tissue-damage pain sensation, although pinprick sensation may be preserved (see Bowshera). Similarly, ischemic lesions of the ventral posterolateral (thalamic) nucleus, while frequently giving rise to a peculiar spontaneous neurogenic pare, do not abolish tissue-damage pain sensation. Despite these widely appreciated facts, there persists a regrettable and illogical tendency to regard the direct (spinal gray matter to ventral posterolateral nucleus) spinothalamic pathway in the anterolateral spinal cord quadrant and the relaying function in the specific ventral posterolateral thalamus projecting mainly to the postcentral gyrus as being responsible for pain sensation.
Pain Relief
Cordotomy was used mainly for the relief of pain due to malignant disease, largely because of the tendency of alleviation to attenuate over time; White and Sweet 75 stated that 50% of patients surviving more than 1 year no longer have pain relief. A number of authors have commented on the lower level of ettectiveness of cordotomy pain due to nonmalignant disease. Since many do not specify the pathogenesis of such pain, it is difficult to know whether this is a real fact, or whether reference is being made to the short duration of cordotomy effectiveness in cases of long survival, or whether cases of neurogenic pain (such as post-herpetic neuralgia) that are unsuitable for the procedure because classic "pain pathways" are not involved 7 were being considered.
The fact remains, however, that following initial pain relief, there is a marked tendency for pain to recur following cordotomy. The time between cordotomy and recurrence of pain is extremely variable. In many cases the original pain returns, although Nathan and Smith 52 reported that they have never observed a return to normal sensibility in the region affected by cordotomy. While in some cases the resolution of edema following operation may explain the phenomenon, in others the interval is far too long for this to be a feasible explanation. Our series suggests that approximately 20% of the cord must be destroyed in order for adequate pain relief to take place; however, in our Case 12, complete pain relief was obtained for 150 days with apparently only 8% of the cord destroyed, although repair processes not detectable at the light microscopic level may have caused the area of destruction to be underestimated. Had the patient died at this point, the cordotomy would have been claimed as a great success clinically. In fact, the patient survived for a further 70 days during which her pain was no longer relieved.
The problem of pain recurrence in general is not helped by the fact that many authors do not distinguish between return of precordotomy pain and new occurrence of painful dysesthesia at and below the level of the lesion (6% in the present series, and one of our five autopsied patients surviving more than 200 days). It should be emphasized that these two types of pain can in fact be distinguished: in true return of pain, the pinprick sensation deficit disappears in the painful area due to a retraction in the pinprick level, while in painful dysesthesia, the pinprick level is retained and pinprick sensation is absent in the painful area. For the only case of postcordotomy dysesthesia in which we have had the opportunity to examine the sensory perception thresholds quantitatively, the condition (apart from the level) was physiologically indistinguishable from that of central poststroke pain ("thalamic syndrome") 4~ caused by a lesion in the neospinothalamic pathway at any supraspinal level.~8.42 It should be recalled that central poststroke pain may supervene at any time between immediately after the stroke and 1~ or even 2 years later. Would all patients with anatomically and surgically adequate cordotomy develop postcordotomy dysesthesia if they survived long enough? Do those nonmalignant cases with pain recurrence have an anatomically inadequate section? The interested reader is referred to the discussion by Gybels and Sweet. z5 So far as evoked tissue-damage pain is concerned, it must never be forgotten that unilateral anterolateral cordotomy does not abolish pain perception on the contralateral side of the body, but rather greatly raises the perception threshold for tissue-damage painY ,Sv Table  3 shows that, on the side of the cordotomy, the perception threshold for painful skinfold pinch as meas-ured via pressure algometry (in kg) ("the clinical test that correlates best with the presence or absence of the pain of the cancer is the pressure algometer ''52) is raised fivefold in the hands and 100-fold in the feet. By contrast, in 26 cases of thalamic syndrome (central poststroke pain) in which there was an ischemic lesion in the supraspinal part of the pain pathway, a comparison of skinfold pinch pain perception thresholds on the two sides showed an overall increase of only 30%. In the 15 cases showing an increased threshold, the increase was twofold. The sensation threshold was found to be equal on both sides in six cases and lower on the affected side in five cases, probably due to allodynia (Bowsher and Nurmikko, unpublished data). Vierck, et at., 73 found the electrical escape threshold to be increased just over twofold on average after cordotomy in monkeys.
Pain Pathways
Any ipsilateral component must be small in the majority of cases, since unilateral cordotomy does not significantly alter somatosensory perception thresholds on the operated side. 36 However, there are reports in the literature 12,23,74 of ipsilateral pinprick sensation loss, but these clinical observations were not accompanied by anatomical correlation. In the remarkable case of a young woman with transection of the whole cord except one anterolateral quadrant, 56 the patient was reported to be able to feel painful stimuli on both sides. Unfortunately, it is unclear whether the authors meant tissue-damaging stimuli or pinprick sensation.
Degeneration in the spinal cord on the side opposite lO the cordotomy was not observed by Bowsher in man nor by Mehler, et al., 45 in the monkey. Hyndman and van Epps, z9 following clinicoanatomical correlation in six human cases, stated categorically that there are no uncrossed "pain fibers" in the spinal cord. What these investigations mean is that a very few, if any, ascending anterolateral axons redecussate in the cord after having been destroyed above that level by cordotomy.
There is now strong evidence that a very large proportion of spinoreticular fibers arise from neurons at high cervical levels. This was first suggested by Humphrey 28 in 1955 and confirmed experimentally in the rat by Granum. 24 Recently, Apkarian and Hodge 3 demonstrated that, in the monkey, 30% of cells projecting to the ventral posterolateral thalamus are in the C-1 and C-2 segments. If these are part of the pathway subserving conscious pain sensation, they probably receive their input from ascending spinospinal fibers that are abundant in the anterolateral funiculus of the spinal white matterY Although very little is known to this day about the connections of this enormous contingent of fibers, it may be conjectured that some of them may be responsible for the transmission of ipsilateral sensory effects, due to decussation of cervicothalamic fibers above the level of cordotomy. Mullan, et at., 46 found that in their experience, high-frequency stimulation of the anterolateral funiculus in conscious patients never caused pure ipsilateral sensations, but that ipsilateral as well as contralateral paresthesias sometimes occurred; Tasker 71 quantified the incidence of these ipsilateral effects at 12%. Interruption of the supracervical decussation would also account for the pain relief obtained by midline lesions in the caudal medulla oblongata. 26, 66 Most of our patients in whom a radiofrequency lesion was made in the C-2 segment showed pinprick sensation loss up to the level of C3-4, although the level was three to five segments lower in a few. Thus, we would agree with the original statement of Foerster and Gagel, 21 based on 29 cases, that the crossing is almost horizontal. Whether our cases showing the upper limit of pinprick analgesia at lower levels were due to insufficient depth of lesion or to individual variations in obliquity of crossing remains open to question.
Within the spinal cord, complete relief of pathological pain was observed in cases where the lesion did not extend dorsal to the level of the denticulate ligament, a point previously emphasized by Kahn and Rand? ~ Apkarian and Hodge z4 demonstrated spinothalamic axons in the dorsolateral funiculus of the monkey, which carry impulses from 80% of the spinothalamic lamina I (marginal zone of Waldeyer) cells. This observation has been extended by Stevens, et al., 6s in the squirrel monkey; they stated that spinothalamic axons are found in the medial as well as the superficial dorsolateral funiculus. The problem has to some extent been resolved by the recent finding of Ralston and Ralston 62 who, in experiments on monkeys using transport of wheat germ agglutinin-conjugated horseradish peroxidase, showed that the fibers in the dorsolateral funiculus (dorsal to the denticulate ligament) project to the posterior and the suprageniculate nuclei (Po/SG) of the thalamus, sometimes known as the "shell region" of the ventral posterolateral thalamus. Nevertheless, section of the anterolateral funiculus in such animals abolished all transport to the thalamus. The authors suggested that the "non-human primate spinothalamic tract encompasses a continuous fibre bundle extending dorsally to include the region of the lateral white column opposite the denticulate ligament, and that the more dorsal aspect of this pathway projects primarily to Po/SG of the thalamus. ''62 Despite our rather anomalous Case 10 ( Fig. 2) , in which most of the damage from the first procedure (Grade 1 or partial pain relief) does appear to be dorsal to the dentate ligament, we do not believe that the dorsolateral funiculus generally transmits impulses responsible for pathological pain sensation, in agreement with the observations of Nathan 47 in man and the experimental evidence of Vierck, et aL, 72 in monkeys. Unfortunately, very few published illustrations show the position of the denticulate ligament relative to the position of the ascending fibers responsible for the conscious sensation of pain.
Our results suggest that there are no anteromedial fibers subserving pain sensation medial to a line drawn perpendicularly from the medial angle of the ventral horn to the anterior border of the spinal cord, in agreement with Nathan and SmithJ 2,55 Kerr 31, 32 stated that the most medial axons lie "among and slightly medial to the intraaxial ventral roots," a finding with which we would agree. We have found the depth of destruc- 46 The location of the pain pathway in the C-2 segment according to our findings is shown in Fig. 3 ; the most cranial fibers lie anteromedially. Our figure can virtually be superimposed on that of Amromin and Crue, 1 based on nine cases, and in agreement with the stimulation studies of Schneider and Paul. 65 Roughly one-fifth of the cord must be destroyed in order to produce satisfactory pain relief, with variations according to the position of the lesion within the anterolateral funiculus. In general, (ventro)medial lesions of the anterolateral funiculus produce better pain relief and pinprick sensation deficit than (dorso)lateral lesions, irrespective of the segmental site of pain and its relief, in agreement with the opinion of Kerr. 3~
